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ABSTRACT

This study characterizes the taxon richness and abundance of benthic fauna from nearshore
éediments off Tanguisson Point' and Agana, Guam, Mariana Islands. This effort addresses
United States Environmental Protection Agency requirements éf 301(h) wéiver_permits fér
baseline data brior to ih_e’ constru‘ction/exteﬁsion of two new outfalls to replace those currently
in operation. Living infauna and epifauna exceeding 1 mm in any dimension were collected
with a modified van Veen grab from three stations off Agémavand four stations off Tanguisson
Point (three replicates eachj. All samples were collected m July 2001 at depths of 39.6 to 9 1.4
m. Polyc‘haetés were the most diverse and gbundant component with 1,164 individualé
belonging to 82 taxa (typic;ally representing species) among 29 families. Overall, polychaetes
were more abundant off Tanguisson than off Agana. Thirty-oﬁe other taxavl(totaling 1,539
individuals)‘ were differentiated in the general inveﬁebrate _samples: Anthozoa, Arachnida,
Chaetognatha, Cruétacea (9 taxa), Echinodermata (3_‘ taxa), Hemichbrdata, Hydrozoa,
Kino,rhyncl;a (2 taxa), Mollusca (3 taxa), Nematoda, Nemertea, Oligochaeta, Phoronida,
Platyhelminthes, Porifera, Sipuncula, and Urochordata. Nematodes and mollusks were
represe-ntedA at both sites, but the Taif;gui_sson locality was characterized by a higher abundance
of them than Agéna. Patterns of polyéhaete abundance and taxon richness were similar at both
sites and appear comparable to those from similar habitats near outfalls off O‘ahu, Hawai‘i.
Multi-dimensional scaling analyses suggest that each locgle has a distinct poiychaete
assemblage, but that d_ifferén_ces between stations within and outside each proposed mixing

zone boundary are small. Sediment cores were also taken to analyze the time-averaged

- micromollusk assemblages répresented by fossil and sub-fossil shell remains. A total of 3,476

specimens comprised of 3,005 gastropods and 471 bivalves representing 158 taxa were
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identified. Micromollusks ranged from 310 per 15 cm’® (Tanguisson Station T-SW) to 726 per

15 cm’ (Agana Station A-SE). Micromollusk taxa ranged from 52 per 15 }cmB (at Agana) to 77

per 15 cm’ (at Tanguisson). The micromollusk samples represent diverse coral reef-associated

fauna, dominated by detritivores'such as members of the family Cerithiidae, but with virtually

no predato%r carnivorous specimens present.
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INTRODUCTION

National regulations, e.g. U. S. Clean Water Act of 1972, specify that séwage effluent
should be at the secondary treatment level for discharge into all U.' S. coastal watefwayé.
Government agencies of island localities surrounded by steep-sloped bathymetry an‘d
bligotrophic waters may appiy for a 301(h)-waiver permit. The U. S. Environmental Protection
Agency 301(h)-waiver permit is required by public works _andkstate agenéies to release primary
treatment efﬂuent into the nearshore environment. Benthic infaunal and epifaunal assemblages

are charactenzedby their taxon richness and abundance as part of benthic monitoring programs

uj;c',h:';l-ocatidns. This study, which may be the first evaluation of the benthos at the
-outfalls of Guam, followed a protocol similar to the biomonitoring 301(h) waiver

llstof O ahy, Hawai‘i. It also provided an 6pportunity- to compare the Guam outfall

i thth@Seof O‘ahu to help guide future outfall and monitoring activities.

'-sﬁsfudy"él"’so.investigéted which, if any, polychaete species may represent indicator

esandy benthos at the prospective outfall locations. Species commonly present

f;.;c_-f"t'-"i‘if)jn and operation of outfalls, but absent afterwards, may be responding to the
,_,Val"‘ disturbance. Species that can utilize the organjé component of sewage as a food

ay produce large numbers of offspring, thrive near the operating outfalls, and often

-tihé_r species. By identifying the maj_or ‘infau.nal_ and epifaunal components of sampling
inside and outside of the proposed mixing zone boundary (MZB), future biomonitoring
ams can more accurately assess the impacts, if any, operation of the outfalls may have on
ja;;nt benthic communify.

The micromollusks and invertebrates were sampled and analyzed separately. The

; in;"v/'i?rt«abrates, included all fauna not considered micromollusks. The polychaete component of
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the invertebrate samples was analyzed in greater detail due to their relatively high abundance
and diversity. Polychaetes arc such an abundant and diverse group of invertebrates in tropical
ecosystems that designated analyses of their role in benthic communities are warranted, as they

are indicative of the general health of small regions of local ecosystems. The assemblages were

c_c»mpared both within and between the two locations.

MATERIAL AND METHODS
Study Sites |

Both sampling locations were on the northwestern coast of Guam near 13°N 1batitude

and 144° E longitude (Figures 1 and 2). Depths ranged from 39.6 to 52.1 m off Tanguisson
‘Point and 65.5 t0 914 m at'the Agana outfall (Table A.l and A2). The existing Agana outfall
discharges approximately eight million gallons per day (mgd) of effluent at a depth of 65.8 rn
The~pr.oposed outfall will release. éfﬂuent .approximately 122 m farther seaward at a deptg of
appro‘ximatelyv84 m. The Agana sit¢ b‘enthos was sampléd at three stations: A-NE and A-SW'
outside the proposed MZB and only one replicate of A-SE inside the proposed bounda:y.. The
" existing Taﬁguisson outfall discharges appr_oximately 6 mgd at the 39.5 m de‘pth. The proposed
outfall will be located about 85 m‘ fa;thér seaward at a depth of approximately 43 m.
Tanguisson §_v'as charﬁcterized at four stations: T-SE and T-NW outéide the proposed MZB, T--

oW astride the boundary, and T-NE :nside the boundary.

Samp\ing»Methods

Twenty-one sediment samples intended for invertebrate analysis were collected by

GMP Associa{es, Inc. on Juiy 20 and 22, 2001. Cores 7.6 cm in diaméte; and 10 cm deep.

i

.

having a volume of approximately 500 cm’, were requested by the investigators. The core:

e
I
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were taken from replicate modified van Veén grab samples that collect an undisturbed quadrant
of bottom sediment and overlying water. A recommendation to retain overlying water and-
small infauné and motile epifauna (i.e., crustaceans) was made. The cores were fixed in 1-5%
buffgred formalin with rose bengal indicator in Nalgene containers. In addition, 5 cm diameter
by 5 cm vdeep sediment cores were collected at the same time for micromollusk analysis, These
were placed on ice to prevent discoloration of the shells. Three replicates for each analysis were
taken at each sampling statioh. Field replicates labeled 1, 3, and 5 from each statioq were
processed for invertebrate analysis, while replicates labeled 2, 4, and 6 were processed for
micromollusk analysis.
The forty-two siedime-nt sampies wereAﬂo.wn'in coolers as soon as possible after
collection aﬁd preservation to Honolulu, Hawai‘i. Custody was transferred to the staff of the

¢ Wormlab at the Zoology Department, University of Hawai‘i, on the afternoon of'July 23, 2001,

Micromollusk samples were stored in a refrigerator until they could be processed.

Sample Condition "

The sample condition was évaluated upon arrival at the Zoology Department. The label
infomafiéﬂ, color and texture Q_f the sand, amount of ovérlying liquid in eaéh container (Table
A.1), whether container lids fit tightly, and whether cool to touch were noted for each replicate.
Samplés were topped off ‘with buffered 15% formalin with rose bengal stain as needed.
Samples :varieduconsiderably from the. proposed volume of 500 cm’. The vdlume- col}écted
actuaily rangec'i from about 65 cm’ to nearly 420_cm3. Samples also van'ed_ considerably in the
amount of overlying water and ﬁxafive, suggesting that field sampling may have been Iﬁore '

irregular than proposed or typical as compared to other biomonitoring programs.
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Sample Processing

[nvertebrate Samples - Handling, processing, and preservation of‘ biological samples
folloWed EPA procedures as modified for samples taken adjacent to ocean oatfalls off O‘ahu
(U.S.EPA 1987, Nelson et al. 1987, Russo et al. 2000, Swartz et al. 2000, 2001). Samples were‘
fixed in 15% bul"fefed formalin for a minimum of 24 hours. Fixed samples were elutriated"
u_sing the technique of vSanders et al. (1965). This method removes most infauna and epifauna
ot heavily calcified from sandy sediments. Fresh water Wa_s added as the samples were
agitated to suSpend animals before being washed into a 0._5}-mm mesh sieve. This process was
repeated several times. Larger coral rubble fragmexlts were treated us'mg an acid dissolution
procedure and also poured through a 0. 5 mm mesh sieve‘ in order to sample the crypﬁc',
encrusting, or boring taxa (Brock and Brock 1977).

| Polychaetes and other invertebrates retained on-the sieve were transferred to a
containe_r, stained with rose bengal and stored in 70 o ethanol. Because the individuals were
ah\e at the time of collecuon these samples are con51dered to be a real-time snapshot of the
res1dent assemblage lnvex’tebrates were sorted to ma]or taxa (e 2., nematodes crustaceans |
mollusks, echinoderms, and polyChaetes) usmg a dissecting microscope. They were 1dent1ﬁed '
and enumerated using compound microscopes. All invertebrate samples were processed by
August 15, 2061 , and all identiﬁeation and enumeration were completed by October 1, 2001\. |

Micromollusk Samples The mlcromollusk sediment samples (15 cm’ each) pro;/ided

for identiﬁcation. (Table A.2) and counts of mlcromollusks were processed in 'September 2001.

Data Analysis

Invertebrate Samples - Data collected were entered and arranged using Microsoft

Excel® 8.0a. Analyses were performed with two statistical packages: MINITAB 12.0 (Minitab, -
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Inc. 1998) and PRII\F/IER© 4.0 (Carr 1997). Samples from the stations were surhmarized with |
descriptive statistics (e.g., méan, median, standard deviation) and biological indices of diversity

and evenness (Shannon-Wiener, H'; Pielou's, J'); Invertebrate richness as reported includes 82

polychaete taxa as wéll as 31 higher-level taxa, inciuding: Anthozoa, Arachnida, Crustacea (9‘
taxa), 'Chaetognatha, Echinodermata (3 taxa), Hemichordéta, Hydrozoa, Kinorhyncha (2 taxa),

Mollusca (3 taxa), Nematoda, Nemertea, Oligochaeta, Phoronida, Platyhelminthes, Porifera,

Sipuncula, and Urochordata. Data normality (Kolmogorov-Smirnov D-Statistic) and

- ‘ .

homogeneity of variances of total abundance and taxon richness of all stations were tested to

determine if they 'agreea with the assumptions for analysés of variances (ANOVA). For data

that J satisfied these assumptions, AN‘OVA’ tests were performed. If ‘not, the de;_ta was

transformed (squaré root) and analyzed again. When transformation did not reconcile normality

and equivalent variance, a non-parametric test (Kruskal-Wallis) was employed to determine if

any statistical differences existed among stations or sites (using pooled replicate data).

The final level of statistical analyses involved hierarchical agglomerative cluster

analyses and multi-dimenéional sCaiing of double-square-root transformed abundance and taxa

~data. As with previous tests, the replicates pooled by the seven stations and two sites were also

analyzed, but in this case the 21 individual replicates coﬁld also be examined. The résulting
dendrograms and ordination plots provide a Qiew of these assemblages that is based on the
individual taxa-identified at a higher dégree of taxonomic resolution than the previously
mentioned indices and tests.

. Micromollusk“samples - Station positions were recorded for all samples, but their

orientation to the proposed diffuser and ZMB was missing from the original field notes.

Therefore, the following micromollusk results are necessarily limited to lists of taxa and
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counts, percent abundance of taxa, and a dendrogram (performed using MINITAB lOXtra) of
stations for the taxa of micromollusl\s present in the samples Because the micromollusks were

not separated into living and dead shell material they represent tirne-averaged collections that

integrate conditions at 2 site over a long period of time rather than at any single point in time.

RESULTS B

Invertebrates

A total of 2,703 individuals were present in the Tan_guisson and Agana invertebrate |

~ samples. Invertebrate taxa are listed in Tables 1 and 2. The Tanguisson sediments contained

. 2,090 organisms in 12 replicates, and the Agana sediments had produced 613 in.9 replicates

(Tables 3 and 4). The nine crustacean taxa 1dent1ﬁed (Amphipoda, Copepoda, Cumaces,

' Crustacea_sp. 1, Decapoda, Isopoda, Ostracoda, Stornatopoda and Tanaidacea) from both sites

were similar in abundance. Harpacticoid copepods and amphipods were commonly abundant

‘crustacean taxa at both sites. Agana produced five times more tanaids per replicaté than

Tanguisson.. Otherwise, crustacean assemblages appear similar between the outfall locations
and'among all outfall stations at this resolution. Nematodes and bivalve mollusks were more

numerous in the Agana sediments than those 1n the Tangui'sson sediments (Tables 1 and 2).

Figures 3 and 4 depict the percent abundance of invertebrate individuals and. taxa that are

comprised‘ of polychaetes.-The highest total and mean abundance of 1nvertebrate individuals at

the 'Tanguisso'n outfall were recorded from Station T-SE, followed by Stations T-NE T NW

~and T-SW. As for the Agana outfall Station A-NE had the largest total and mean abundance,

w_hereas A- SE and A-SW had fewer 1nvertebrates (Figure 5). Taxon richness at Tanguissonwas -
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highest at Station T-SW, followed by Stations T-SE, T-NW, and T-NE, whereas at Agana, it
was highér at Stations A-SE, A-NE, and lowest at Station A-SW (Figure 6).

The replicates and stations were characterized by de'scriptive’ statistics as well as
diversity and evenness indices (Figures 7 to 9, Tables B.1 to B.3). At Tahguisson, diversity andv'
evenness values were highest at Station T-SW followed by Stations T-NW, T-NE, and T-SE
(with increasing variances of the mean). Values for Agana statiohs were similar. Statistical

“comparisons of stations (abundance and taxon richness) were performed, and the results are
summarized in Table B.4. The only ANOVA result indicating a significant différence was
between the square root trapsformed invertebrate abundance. of pooled replicates of each outfall
- (Tables B.5 and B.6). Total abundance at Tanguisson was significantly higher than at Agana..

This is largely due to the consistently high nematode counts at Tanguisson. Hierarchical

agglomerative cluster analysis and non-metric multi-dimensional scaling (MDS) show the
relationship of replicgtes (Figure 10) and stations (Figure 11). from both outfall sites. While
there is some mingling among replicates of different sites, the over_all. ?’iew suggests distinct
. invertebrate assemblageg at the Tanguisson and Agana outfalls, but similar assemblages among

* stations within each outfall location.

Polychaetes

Thé highest total and mean abundance of polychaete individuals at the Tanguisson
outfall were recérded from Station T-SE, followed by Stations T-=NW, T-NE, and T-SW. As for
P ‘the Agana outfall Station, A-NE had the largest total and mean abﬁndance’, with Stations A-SE ’
and~A-SW having fe§ver polychaetes (Figure 12). At Tanguisson, taxon richness was highest at
Sfation T-SW, followed ‘by Stations T-SE, T-NW, and T-NE, whereas at the Agana outfall it

was highest at Station A-SE, followed by Station A-NE, and lowest at Station A-SW (Figure
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13). These results correspond to.51m11ar diversity patterns among higher invertebrate 'taxon‘omic
groupings. Numerically dominant polychaete taxa at Agana were Pllargldae sp. 1, Capitellidae
sp 1, Sylhdae sp. 5, Sabellidae sp. 3 and Pilargidae sp. 3. Dominant polychaetes at Tangulsson
were Sabelhdae sp. 3, Pilargidae sp. 1 Owenudae sp. 1, and Hesionidae sp. 4.
Descriptive statistics as well as diversity and evenness indices (Fignres 14 to 16; Tables
B.7 to B.9) were used to charactenze the replicates and stations. Diversity and evenness values’
decreased from Station T-SW to Stations T-NW, T-NE, and T-SE at Tanguisson but were
similar throughout the Agana stations. Statistical comparisons of stations (abundance and taxon
: rlchness) were performed and the results are summarized in Table B.10. No result of ANOVA
' tests'or pairwise comparisons of replicates and stations 1ndicated a significant differ‘ence in
abundance or taxon richnessi vCluster analysis and MDS ordinations showthe relationship of
replicates (Figure 17) and sfations_ (Figure 18) from both outfall sites. Replicates generallyi
grouped by outfall but not by stationi If replicates are pooled by station and analyzed, the
relationship between the assemblages at the two outfall sites is more evident. Stations inside
and outside of the proposed MZB appear similar, supporting their later use as control and
experimental sampling stations. The lack of significant statistical differences bemeen statrons
at this pornt in time suggests _tha’r future differences will reflect either natural community
fluctuations or env1ronmental perturbation d'ue to the construction or operation of_ the new.
outfalls. The former would be expected to oocur at all stations similarly, while significant . -
differences in abundance or richness occurrmg at stations inside t_he MZB, but_no-t.outside,b

would likely be attnbutable to the outfall’s mﬂuence on the benthos
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Micromollusks

A total of 3,476 specimens cornp.rised‘ of 3,005 'gastropéds and 471 biyalves
representing 158 taxa were identified (Tables 7 to 9). Micromollusks ranged from 310 per 15
¢m’ (Tanguisson Statfon T-SW) to 726 per 15 cm’ (Agana Station A-SE) (Figure ,19)‘ Mollusk
taxa ranged from 52 per 15 cm’ (at Agana) to 77 per 15 cm’ (at T_anguisson)v (Figure 20). The
highest numbers of gastropods per sample, 31 to 41 shells per cm3, were at Stations T-NE, A-
SW, and A-SE; the lowest number, 18.7 shells per cm3, kwas at Station T-SW. The highest
numbers of biyalves per sample, 7 té iO shells per cm?, were at Statioﬁs A-SW‘and A-SE; the
lowest numbers, 1.4 and 2.4 bivalves per cm?, were at Stations T—SE and T-NE. ‘A cluster

analysis of similarity (Euclidean distance, single linkage method, standardized variables)

. (Figure 21) indicated a similarity of 17% among Stations T-NW, A-NE, A-SW, T-SW, and T-
SE. Station T-NE was the least similar of all sampled stations.

* The most abundant mollusks in the samplgs were the presumébiy dctritinrous cerithids,
Nine species in five genera (Cerithidium, Diala, Scaliola, Bittium, and Cerithium) and 279
.specimens recognized only as “cerithids” account for 23% of the g'astropods-counted. Another
L 18% of the gastropods were represented by the minute (3 to 4 mm diameter) Orbitestellidée
(Orbitestella, Omalogyra) and tﬁe equally minute trochacean, Cyclostremiscus (Figure 22).
Several families of gastropods were noticeably babsent or occur in very small numbers: only 54
Spe_éimens of Balcis, which is parasitic on sea cucumbers and sea urchins, were recorded. -

Virtually no Mi’rra, Terebra, Turridae, or Conus specimens were found.

| DISCUSSIO‘N AND CONCLUSIONS

The purpose of this study was to characterize and analyze two components of the

benthic infaunal community from areas adjacent to the proposed improvements for the.

N
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Tanguisson and Agana ocean outfails. “This study can be compared, to some extent, with
previous efforts at the same general location by Ko}in and White (1 977, at Tangilisso'n in the
intenidal zone) and a recent ecolomcal study of 101 polychaete species known from Guam
(Bailey-Brock 1999). Both, studies combined data from rock, rubble, and algal substrata,

whereas this outfall study focused predominantly on a deeper sand habitat with a very small

rubble component.

Data collection methods and results support comparison with biomonitoring efforts
regarding Sand Island outfall (O‘ahu), Wh.lCh discharges approx1mate1y 70 mgd of efﬂuent ata |
‘depth of 70 m (Bailey-Brock 1995, _1996 1999) Fewer polychaetes have been recorded from
Guam, Saipan, and other islands in the Marlana chain though, and much work remains to be
done on profiling the infauna of the region in general. The five dominant polychaetes, except
for Hesionidae sp. 4, are present in Hawai‘i s‘ediments and'are dominant taxa at Sand Island and
_Barbers Point sewage outfalls (e.g., Swa.rtz et al. 2000, 2001) Capltelhdae sp. 1 and other
members of the Capftella complex flourish in sediments laden with detritus and are indicators
of organic enrichment. Other characteristics of these organisms are that they are often present
in large numbers, and can .facilitate a reduction in the abundance of other taxa. Capitellids were
conspicuously more abundant at Tangmsson (135 individuals among 12 replicates) than at
Agana (3 individuals among 9 replicates) Pilargids were also noticeably more abundant at
Téngu_isson (448 individuals among 12 rephcates) than at Agana (32 mdividnals among 9
replicates). These values Seem to reflect the generally higher productiv1ty and diversity (et_ all

taxonomic levels) vrecor-ded at Tangulsson and they do not suggcst impact indicators since

-~ other species are not excluded. Sylhdae sp. 3 is broadly dlstributcd in shallow sand sediments -

in Hawai‘i waters. Syllidae sp. 5 was abundant at Agana (87 1nd1v1duals) but not at Tanguisson
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where only four spgcimens were found in the sediment. Mean polychaete densitieé at'the
Tanguisson (16,632 individuals/m?) and Agana (6,292 individﬁals/mz) outfalls are comparable
to those found at outfall sites in Hawai‘i. The mean polychaete densities at the Sand Island
outfall ranged from 7,289 to 16,368 individuals/m’ for three depthé (~20,,50, and 100 m),
Barbers Poinf yielded 25,457 individuals/m” at 33 m, and the Waianae ,outfal.l’ averaged 11 ,043
individuals/m2 at 61 m (Russo et al. 2000; Swartz et al. 2000, 2001). The‘year-to-year
difference in raw abﬁndance is mést likely due to the patchy distribution of many of these
polychaete taxa. The taxonomic composition of stations and fluctuations of commonly
domihant taXa tend to be more informative about the general health of the benthos adjacgnt to

the outfalls.

The invertebrate samples from tﬁe sta’tioﬁs, as well as from the outfall sites as a whole,
were compared on the basis of abﬁndance and taxon richness of general invertebrate taxa (all)
anci the polychaete taxa (alone). The only significant difference found was fhe higher average
abundance of all live invertebrates at Tanguisso.n. This difference was primarily due to the
| abundance of three taxa: ngmatodes, polychaetes, and bivalves. Multivariate statistical analyses
showed that althoﬁgh the polychaete assAembl.ages differ between the two outfall-sités, they are
similar amlongv stations V\;ithin each proposed outfall improvement area. Polychaetes were
markedly more abundant at Station T-SE than at other Tanguisson stations.

The faunal composition of niicrorholluské is distinctly skewed toward detritivores.
There is a relatively high proportion of pyramidellids (7.1%) and opisthobranchs (8.1%) among
the gastropods. Pyramidellids are associated with other gastropods and worms; opisthobranchs
ES frequently sand dwellers. The high diversity of the samples is characteristic of coral reef

E faunas in the western Pacific. No single taxon dominates the samples. Similar micromollusk
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assemblages have been recorded from Fanning and Johnson Islands. These sampl,es dtffe_r from
those recorded for O‘ahu, where one ot two gastropod species tend to dominate.

- Although the analyses were restrlcted to compansons of stations within an ontfall and.
the two sites as a whole, it is clear that the differences among all stations are small. The
different depths, and possibly sediment grain size composition of the samples, may explain
differences observed among the Tanguisson and Agana stations. Rel.iable_, replicated d_ata
regarding the grain-size .distrib'utjion and organic content of sediments taken concnrrently with
benthic faunal ‘samples would help in c_naracteri_zing stations in future efforts. Additionally,.
extreme care should be taken 1o retain as much of the water oVerlying the collected sediments
as possible. Many of the samples received had little or none of this water. This may be the -
reason for the rather low abundance of crustaceans in the Guam sediments compared to other
Paciﬁo island sediments, because these orgamsms are usually active at the sedlment-water
interface. Other invertebrates collected are more often found within the sediments and are
likely to be retamed even with some loss of over-sediment water. Irregulantles mdlcated by the
variable sample volumes may mask env1ronmental differences among statlons but given the
. data presented here, the general 1mertebrate and polychaete assemblages present at each
station, within thetr respective outfall sites, appear directly comp.aréble for the future purpose
of establishing control and expenmental biomonitoring statlons In closing, rnaintaining three
- replicates pef station as a minimum (and 5 rephcates as a maximum) is reeoxnmended, but
ensuring that all repficates of at least on'e station at ’the Agana location are taken from within

the MZB is also critical to future biomonitoring programs.
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bottom, stress = 0.20) of double-square-root transformed replicate polychaete abundance for the
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